Nowadays, motion platforms are widely used in dynamic film, motion simulation, robotics, marine, automotive simulator and other fields. These platforms require two degrees of freedom at least. This paper describes a motion platform controlled by double motors. By controlling the positive and negative going motion of the two motors, the platform can rotate freely around the two axis in the horizontal plane. These movements can simulate acceleration, deceleration, shock, bumps, rapid shake and so on. The platform is directly driven by two motors. It not only maintains the superiority of the electric system platform, but also is cheaper. This platform is a kind of dynamic device which is applied to the real experience of virtual environment, so it can be applied to the car simulation, 4D dynamic racing game, 4D dynamic film, etc.
INTRODUCTION
At present, various platforms have been widely used in the field of military and civilian simulation. Varieties of motion platforms are equipped with computers and a variety of display screens, so that people can sense changes in speed and acceleration by visual and auditory and they do not need to worry about security issues. It enhances experience, reduces the experiencer's operation burden [1] .
In varieties of platforms, electric systems platform have obvious advantages, so it is much more popular [2] . Because of the features of wide scope of application, simple structure, and easy to control, two degrees of freedom motion platform is widely used in the field of motion simulation and mass testing. In order to get the most authentic experience, platform must have a certain degree of flexibility and motion accuracy. Motor drive can meet the requirements of flexibility and accuracy.
STRUCTURE OF THE MOTION PLATFORM
Two degrees of freedom motion platform is widely used in the field of motion simulation and mass testing. The platform is required to rotate freely around the two axis in the horizontal plane [3] . In order to design a two degrees of freedom motion platform, which is applied to real-life experience in the virtual environment, the platform should be as simple as possible on condition that the platform can rotate freely around the two vertical axis. To give the experiencer the most authentic experience, these two motions should simulate tilting, shaking, jittering and so on. To get a simple structure, make it easy to control, and with precise movement platform, the platform is driven by motors.
A motion platform should at least includes the movable plate (upper plate), fixed plate (lower plate) and the support mechanism between them. Firstly, a skeleton was built in steel tube, and then a thin iron plate was laid on the skeleton. In this way, the movable plate and fixed plate were finished. These plates were easy to process and light weight. To support the weight of the plate and the load, platform requires at least one load-bearing support mechanism. It was named the main support. In order to match the two degrees of freedom of the upper plate, the main support mechanism not only needs to have sufficient strength, but also needs to be able to rotate respectively in two perpendicular directions. Cross shaft universal coupling as the main support can meet the above conditions. It was installed in the center of the two plates, and the two axes of the cross shaft were parallel to the two axis of symmetry of the movable plate.
In order to convert the rotation of the motor to up and down movement and then drive the movable plate to tilt, two auxiliary supports were added respectively in front and side of the main support. In front of the main support mechanism was front support mechanism. On one side (left or right) of the main support mechanism was rear support mechanism. Each auxiliary support required an independent drive motor, so the platform had two motors. These three support mechanisms constituted a right triangle (but not limited to this), which the cross shaft universal coupling support mechanism was on right angle vertex. The structure of the motion platform is shown in Figure 1 .
When the crankshaft of rear support mechanism which is driven by the motor was rotating, the support mechanism was falling (or rising). So that the upper plate would tilt to its side (or to the opposite side), the main support mechanism and the front support mechanism rotated corresponding angles to the same side at the same time. Thus, the platform tilted lateral, as shown in Figure 2 . The action can simulate the centrifugal movement and shaking. For an example, in the simulation of a car driving process, it can simulate the turning process or driving on bumpy road.
(1) movable plate, (2) fixed plate, (3) front support mechanism, (4) rear support mechanism, (5) cross shaft universal coupling support mechanism. Similarly, when the crankshaft of front support mechanism which is driven by the motor was rotating, the support mechanism was falling (or rising). So that the upper plate would tilt forward (or rearward), the main support mechanism and the rear support mechanism rotated corresponding angles to the same side at the same time. Thus, the platform tilted forward, as shown in Figure 3 . The action can simulate tilt and shake. For an example, in the simulation of a car driving process, it can simulate the accelerating or breaking process or driving on bumpy road.
The platform can meet the basic requirements such as maximum tilt angle and maximum load. The maximum tilt back and front angle is about 15 degrees. The maximum tilt right and left angle is about 17 degrees. The maximum load weight is about 200kg~ 250kg. 
THE CROSS SHAFT UNIVERSAL COUPLING SUPPORT MECHANISM OF THE MOTION PLATFORM
As the main support mechanism of the platform, most of the weight and load of the platform were on it. Its main function is load-bearing. Due to the restriction of the degrees of freedom of the platform, the support mechanism not only should meet the strength, but also should meet the degrees of freedom. The cross shaft universal coupling just to meet these requirements, so it was chosen as the main support [4] .
However, a standard size of cross shaft universal coupling is too long, and there is a cross-axis rotating structure on each end. This structure lacks stability. Therefore, after improvements: The middle part which is a cylinder of the conventional cross shaft universal coupling was removed, then the remaining parts which were two U type parts were connected by a cross shaft. A new support was got. The improved structure can meet all requirements. In addition, a U type structure with a disc flange is easy to install: One flange is mounted on the corresponding position of the upper plate, and the other flange is mounted on a hollow pillar with the same flange. The other side of the pillar is a same flange mounted on the lower plate of the corresponding position. The height of the column can be produced according to the need of the platform, so as to match the height of other two supports. The cross shaft universal coupling support mechanism is shown in Figure4.
In theory, a sufficient strength and toughness of spring or a similar ball hinge structure can also achieve the same function of this support structure. However, a suitable spring or a ball hinge structure is difficult to obtain or costs too much, so the selection of the structure is scientific.
THE FRONT SUPPORT MECHANISM AND REAR SUPPORT MECHANISM
As the power of the upper plate movement, the strength of the front support and rear support are relatively smaller compared with the main support. However, their performance of movement must be more flexible: Not only the motor's rotation should be transformed to upper and lower movement, but also must ensure the freedom of the platform. Motor rotation can be converted to the connecting rods' up and down movement by a common mechanism: crankshaft. The connecting rod can only rotate around the axes of input and output shaft. The shaft of the input and output shaft are parallel to one of the shaft of the cross axis, so there is only one degree of freedom. Fortunately, a special part can solve this problem: the rod end joint bearing [5] [6] . In order to achieve the function of the connecting rod by the rod end joint bearing, the two ends of the two rod end joint bearings were connected by a screw. One end was mounted on the crankshaft while the other end was mounted on the output shaft. Moreover, by adjusting the thread length of the screw or the overall length of the screw can match the height of each support, which provides a convenient for the process of the production and installation of the platform.
(1). U-type structure, (2) . Cross shaft, (3). Pillar At this time, one rod end joint bearing on one end is mounted on the crankshaft which as an input shaft, and the other rod end joint bearing on the other end is mounted on an output shaft. The ends of the crankshaft and the output shaft are respectively mounted on four bearing bases with bearings. The bearing bases with the crankshaft are mounted on the lower plate, and the bearing bases with the output shaft are mounted on the upper plate. The obtained support mechanism is shown in Figure 5 . From the bottom up, components are (1) the lower bearing base, (2) the crank shaft, (3) the rod end joint bearing A, (4) the screw, (5) the rod end joint bearing B, (6) the output shaft, (7) the upper bearing base.
CONCLUSION
In general, the motion platform has the advantage of simple structure, low cost and easy control. Driven by two motors, the platform can tilt in a certain range. It can simulate a serious of action process such as the acceleration, deceleration, vibration, bumps, rapid shake and so on. It can be applied to dynamic movies, games, car driving simulation and other equipment.
However, in order to make sure it will operate better, there should be deeper study on the motion platform, such as the mechanical analysis of the supporting mechanism, the motion analysis of various postures [7] [8] , select the appropriate motor according to the need, the motor control of various postures, etc.
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